Korniłłowicz-Kowalska T., Kitowski i., iglik H.: The occurrence of cellulolytic fungi and Fusarium in nests of Circus pygargus. acta Mycol. 45 (1): 97-114, 2010. a total of 45 species of cellulolytic fungi and ten Fusarium species were identified in seven nests of Montagu's Harrier. Three genera (Chaetomium, Trichoderma, Fusarium) represented 80% of the frequency of cellulolytic fungi. of them, Chaetomium globosum, Trichoderma viride and T. koningii were some of the most frequent species. a high differentiation of the richness and frequency of species of cellulolytic fungi depending on the nest and its individual layers was observed. reasons for the differences in the frequency and species composition of the fungi were discussed.
the genus Fusarium are causative agents of plant diseases such as wilt, seedling blight or head blight (Vesonder, golinski 1989; Kwaśna et al. 1991) and produce mycotoxins, e.g. trichotecenes, zearalenone or fumonisins, responsible for mycotoxicoses in humans and animals.
The current knowledge of the occurrence of cellololytic fungi and Fusarium representatives in birds' nests is relatively poor Hubalek, Balat 1974) . little is also known on the influence of physico-chemical properties such as pH and humidity on the frequency and species composition of these macromycetes in birds' nests. studies have usually been conducted on nests of Passeriformes Hubalek, Balat 1974) in which conditions differ from those in nests of water birds and wetland birds due to biotope types occupied by the birds. nests of Montagu's Harrier in wetland habitats are therefore interesting objects of mycological studies.
Montagu's Harrier is a diurnal raptor which nests in different habitat types: steppes, open marshes as well as corn fields or young plantations of coniferous trees in europe and on other continents where it occurs (cramp, simmons 1980; clarke 1996) . The bird populates entire Poland, largely lowland regions avoiding distinctly mountainous ones. its present population size is estimated at 1 300-1 500 breeding pairs (Tomiałojć, stawarczyk 2003) . it occupies a broad spectrum of habitats in Poland: wet open habitats such as marshes associated with wide river valleys, neglected fish ponds, willow (Salix spp.) bushes in river valleys. The species nests in corn fields in many areas in Poland; the trend has intensified in the last few years (Tomiałojć, stawarczyk 2003) .
Korniłłowicz-Kowalska and Kitowski (2009) investigated nests of Montagu's Harrier in wetland habitats concentrating on the so called total frequency and species composition of saprotrophic fungi and fungi potentially pathogenic to humans and animals. it was shown that populations of ubiquistic species with a broad spectrum of substrates were some of the most frequent species, including thermotolerant species belonging to opportunistic pathogens, e.g., Scopulariopsis brevicaulis and Aspergillus fumigatus. The frequency of the latter, which also constitutes a high risk to birds, was high in some nests. among saptrotrophic fungi, populations of a few fungi known for cellulolytic abilities, mostly Trichoderma spp., had a high occurrence frequency.
The aim of this study was to examine the frequency and species composition of cellulolytic fungi and Fusarium representatives in nests of Montagu's Harrier with regard to the influence of some ecological factors.
MaTerial anD MeTHoDs
Nests and nest material preparation. seven nests of Montagu's Harrier from the Błota serebryskie Fens collected in 2004 (two nests: i and ii) and 2005 (five nests: iii,iV,V,Vi and Vii) were examined. The Błota serebryskie Fens are some of peat bogs of calcareous fens near chełm (Torfowiska węglanowe koło chełma) (east Poland: 51° 07'-51° 11' n, 23° 30'-23° 42' e).
The Błota serebryskie Fens are lowland bogs lying on caco 3 beds. Bogs are dominated by the Cladietum marisci community. water table levels range from 40 to 10 cm (spring) and from 20 to 0 (summer); water pH=7.7-8.6 (Buczek 2005) . The fens are protected by environmental law as an area important for bird occurrence. 14-42 pairs of Montagu's Harrier nest here annually only in saw sedge (Cladium mariscus) fields (Krogulec 1994; Kitowski 2002; Kitowski unpublished data) .
at the time of laying, the nest is oval-or circle-like with a diameter of 20-56 cm (Krogulec 1994; Kitowski unpublished data) . willow (Salix sp.) or birch (Betula sp.) twigs and dry stems of reed (Phragmites australis) 10-15 cm in length as well as other plants, e.g., common broom (Sarothamnus scoparius) and goosefoots (Chenopodium sp.), are the base and the edge of the nest. its interior is lined almost exclusively with saw sedge leaves (Cladium mariscus). However, the centre of the nest where the eggs are laid is lined with grass blades, rhizomes of Agropyron sp. and rootlets. at the end of laying, the nest is a circle with a diameter of ca. 40 cm (22-51 cm) 10-15 cm of which is taken up by the lining (Kitowski unpublished data). During breeding the nest lining is supplied by feathers from moulting, pellets and down shed by growing chicks, prey remains (hair, feathers, bones) of rodents (Rodentia) and small birds as well as chitinous body parts of insects.
entire nests or the material shaken out from one nest (nest Vii) were collected after ca. 7-10 days after chick fledging when the nests no longer played important ecological and behavioural roles (Kitowski 2002) .
nest material was sampled for mycological examinations from the lining (inner layer), nest edge (outer layer) and the intermediate layer between them (middle layer) (Pugh 1966) . samples were collected from a few places in each layer, a total of 100-200 g, were averaged and homogenised. The entire nest was shaken out from nest Vii with a poorly developed lining and the material was used to prepare the initial sample similarly to individual layers. a total of 19 nest material samples were prepared.
Isolation and identification of fungi. cellulolytic fungi were isolated with the dilution method and by laying fine fragments (no longer than 0.5 cm in length) of the nest material on a cellulose substrate (whatman 1 filter paper) as the only source of c and energy containing (g × dcm -3 ) nH 4 NO 3 -20, Kno 3 -1.0, KH 2 PO 4 -1.0, Kcl -0.5, Mgso 4 × 7H 2 o -0.5, Feso 4 -traces, nacl -traces, agar -20.0, streptomycin -0.03%, chlortetracycline -0.002%, pH -5.5. Forty fragments were analysed for each layer. Fungi belonging to the genus Fusarium were isolated with the dilution method on the nash and snyder medium (1952) containing (g × dcm -3 ) peptone -15.0, KH 2 PO 4 -1.0, Mgso 4 × 7H 2 o -0.5, agar -20.0, PcnB -10.0, streptomycin -0.03%. cellulolytic fungi and Fusarium were cultured at 26°c.
The frequency of fungi (nests collected in 2005) was determined as the mean values of cfu. g-1 of the dry weight of the nest material. The dry weight was determined with the weight method at 105°c. The rate of colonisation of the nest material by cellulolytic fungi was determined in %. growing pure fungal cultures were transferred onto PDa slants (Fusarium) or cellulose slants (without antibiotics). species identification of the isolates was based on macro-and microscopic observations conducted on plates and in microcultures using PDa, czapek-Dox medium and selective nutrient agar (sna) for Fusarium. a variety of systematic studies was used for the final classification of the fungi nelson et al. 1983; Kwaśna et al. 1991) .
Determination of humidity and chemical properties of the nests. water content was determined with the weight method at 105°c. The following chemical analyses were performed: pH in H 2 o and Kcl, organic c content (Tiurin method), total c and total s content (elemental analysis by combustion analysis; a thermal conductivity detector), total n, total P, K, ca, Mg after sample mineralization using the wet assay method in a mixture of concentrated H 2 SO 4 and perhydrol (n-total, P-totalflow spectrophotometry; K, ca, Mg -atomic absorption spectroscopy method). The data are presented in Table 1 .
The results giving the number of fungi belonging to the two groups (cellulolytic fungi and Fusarium) were analysed by the statistical method counting standard deviations.
The species diversity of cellulolytic fungi and Fusarium based on the number of isolates of fungi representing individual species was analysed by calculating simpson's index (Krebs 1994) according to the formula:
where p i is the share of isolates (strains) of species "i" in a fungal community (an entire nest or a layer of it) and is the quotient of the number of strains of the species and the number of isolates of all fungi obtained on an isolation medium (for cellulolytic fungi isolated with the dilution method and for fungi of the genus Fusarium). Values of simpson's index range from 0 to 1-1/s, where s is the number of species in a community of fungi. species domination (Trojan 1975 ) was determined using the formula: D = 100 . (sa : s), where s -number or isolates of species "a", s -the sum of isolates of a group (cellulolytic fungi, Fusarium). The frequency scale of species and taxonomic groups of fungi was as follows: sporadically < 1%, rarely 1-10%, frequently 11-25%, numerously 26-50%, very numerously > 50%. The frequency and colonisation rate of the nest material by cellulolytic fungi. The frequency of cellulolytic fungi (mean values) in the nests (i-iV) ranged between 220 and 300 000 cfu in 1 g of dry weight. over 1 mln cfu . g -1 of dry weight of the nest material was obtained for nest Vii, where the material for analysis was shaken out. a higher frequency of fungi obtained for nest V results from the accumulation of fungal propagules following the shaking. The analysis of the frequency of fungi in individual layers of the nests showed that the lowest frequencies of cellulolytic fungi were recorded in the outer layer and the highest frequencies were recorded in the lining (internal layer) of the nests with the exception of nest iii (Fig. 1a ).
The colonisation rate of the nest material by cellulolytic fungi was very high and ranged from 92.5% to 100% (Fig. 2) .
The frequency of Fusarium in the nests. The frequency of fungi isolated on the nash and snyder medium, preferential for the genus Fusarium, ranged from 210 to 730 000 cfu . g -1 d.w. of the nest material, of which Fusarium populations constituted between 10% (ni) and 50% (nii, niii) ( Fig.1B) .
other frequencies were consistent with those of other fungi growing on the nash and synder medium. The species composition of these fungi is given in Tab. 7. The most numerous colonisation by Fusarium representatives was observed in the lin- explanations: i 1 , II 1 , III 1 , IV 1 -the outer layer of the nest; i 2 , II 2 , III 2 , IV 2 -the intermediate layer of the nest; I 3 , II 3 , III 3 , IV 3 -the inner layer of the nest (the core).
ing and the outer layer while the weakest growth of Fusarium was observed in the intermediate layer ( Fig. 1B) .
The species composition of cellulolytic fungi. cellulolytic fungi occupying the nests were represented by 45 species of 20 genera (Tab. 2). a total of 1 276 pure cultures were differentiated; species of only five isolates of the genus Penicillium were not identified. The diversity of cellulolytic species obtained with the dilution method (40 species) was greater than that with the fragment method (20 species) (Tabs 3-4). cellulolytic fungi were isolated using the latter method from their metabolically active forms (hyphae) overgrowing the nest material.
The most numerous colonisation of the nests was observed for cellulolytic fungi of the genera Chaetomium, Trichoderma and Fusarium (Tabs 2-3). Their share in the isolates of cellulolytic fungi isolated with the dilution method was 44%, 20% and 19%, respectively, that is in total 83% of all cellulolytic fungi isolated with this method. The share of the genera was 44%, 11% and 32%, respectively, for nest material fragments laid on the medium for cellulolytic fungi.
The species composition of the cellulolytic mycobiota differed depending on the nest. From 3 (V and Vii) to 17 and 20 (ii and i) species were recorded in individual nests when the dilution method was used and from 3 to 14 species when the fragment method was used (Tabs 3-4). Differences in the species composition of cellulolytic fungi also depended on the study year. nests collected in 2004 were occupied by a community of cellulolytic fungi richer in species than those collected in 2005: 28 and 20 isolated species (dilution method), respectively -Tables 3-4.
The species richness of cellulolytic fungi in the nests, including frequencies of individual species, was analysed using simpson's index (D) for four out of seven nests. The analysis indicated a considerable differentiation of species frequencies for both isolation techniques (Tabs 3-4).
The greatest differentiation of simpson's indices was obtained for cellulolytic fungi isolated with the dilution method (0.289-nV to 0.758-niii), that is three and ten species (Tabs 5-6). smaller differences in simpson's indices were recorded for frequencies of species isolated with the fragment method: (0.578-nV to 0.857-nVii) with the number of species 6 and 14, respectively (Tabs 5-7). Despite a considerable dispersion of the values of simpson's indices among individual nests and depending on the isolation method, mean values of the index for the nests total were similar: 0.876 (fragment method) and 0.866 (dilution method). This shows a high frequency richness of species of cellulolytic fungi occupying the nests. This was also observed in relation to individual layers of the nests. Mean simpson's indices for each layer (niV -nVi) were 0.798 -0.865 for the fragment method and 0.786 -0.877 for the dilution method (Tab. 5).
The analysis of the frequencies of individual species of cellulolytic fungi (Tabs 3-4) showed that the greatest numbers of three Chaetomium species: Ch. Table 3 The composition and frequency of species of cellulolytic fungi isolated from nests of Montagu's Harrier (dilution method) no. Table 4 The colonisation frequency of the material in nests of Montagu Harrier by individual species of cellulolytic fungi (fragment method) no. Table 3 globosum, Ch. funicola and Ch. cochlioides, as well as two Trichoderma species: T. koningii and T. viride, colonised the nests. Populations of Fusarium: F. avenaceum, F. oxysporum, F. poae and F. tricinctum, Gliocladium: G. roseum and G. catenulatum, as well as Doratomyces stemonites were less numerous. The frequency distribution of individual cellulomycete species given above (as well as a few others) was uneven (Tabs 3-4) . The frequency of a species population was high in some nests while it was low in others or the species was altogether absent. Chaetomium globosum was highly numerous in some nests and even its mass occurrence was observed. The frequency of this typical cellulolytic fungus was 66%, 69% and 48% of the total frequency of cellulolytic fungi when isolated with the dilution method in nests V, Vi and Vii, respectively, while its population constituted only 10% in nests i and ii and the fungus was not recorded in nests iii and iV. Ch. cochlioides, Ch. funicola and Ch. elatum were more frequently recorded Chaetomium representatives, although they were less numerous than Ch. globosum (Tabs 3-4). Ch. cochlioides occupied four out of seven nests. The contribution of the species to the cellulomycete community ranged from 6% (niV) to 12% (niii) for the fragment method and from 10 to 16%, respectively, for the dilution method. Ch. funicola was isolated mostly from nests collected in 2004 (ni, nii) and its frequency was ca. 20% of total cellulolytic fungi in these nests. C. piluliferum and its anamorph Botryotrichum piluliferum which represented even 21% of the frequency of cellulolytic fungi in ni, and Ch. elatum, which represented 5% and 12% of it in ni and nii, respectively, were also isolated from these nests. Ch. indicum, ca. 2% of the population of cellulolytic fungi in ni, was one of the least frequently recorded representatives of Chaetomium. The data (Tabs 3-4) also show that the nests collected in 2004 (ni, nii) were characterised by a diversity of Chaetomium species greater than that recorded in 2005 (niii-Vii).
of the two Trichoderma species recorded in the nests, T. koningii had a slightly greater frequency than T. viride: 17%-44% and 10%-33%, respectively. T. koningii was, however, less widespread (two nests) than T. viride, which colonised six out of seven nests (Tabs 3-4).
Ten Fusarium species were recorded within cellulolytic fungi in the nests. They mostly occurred in nests iii and iV. Fusarium tricinctum had the greatest frequency, however, only in nest iV. The cellulolytic population of this species represented 50% of total cellulolytic fungi in the nest. F. oxysporum was also recorded more frequently. Table 6 The composition and frequency of Fusarium populations (nash and snyder medium) in nests of Montagu's Harrier no. Table 3 Table 7 The frequency of other (non-Fusarium) fungal species isolated from nests of Montagu's Harrier on the nash and synder medium no. Table 3 its frequency was 16% of cellulomycetes in nest iV (Tab. 3). a greater frequency of individual Fusarium species was obtained when the selective isolation method for the genus was used (Tab. 6). F. poae, F. avenaceum and F. oxysporum, 25%, 24% and 19% of the total Fusarium frequency were the most frequently recorded species in the five nests collected in 2005. a smaller share of ca. 8% of Fusarium populations on average was observed for F. aqueductum, F. sporotrichioides and F. tricinctum. low frequency of F. tricinctum isolation on the preferential medium for Fusarium (nash and snyder medium with PcnB) in comparison with the medium used to isolate cellulolytic fungi indicates intrageneric competition in which F. tricinctum is a poorer competitor. on the other hand, this indicates a more frequent incidence of cellulolitic abilities within F. tricinctum than in other Fusarium populations in the study environment (Tabs 3-5). a frequency analysis of Fusarium isolated on the nash and snyder medium confirmed that the greatest frequency and richness of Fusarium species (six species) was observed in nest iV, similarly to the cellulose medium (Tab. 3 and 5). The total frequency of these species in nest iV was as high as 56% of the total Fusarium representatives in the nests (niV-Vii). The lowest frequency (5%) and only one species, F. poae, was isolated on the nash and snyder medium from nest Vii (the material was shaken out). Fusarium poae was additionally the most widespread Fusarium species in the nests isolated on the nash and snyder medium: it colonised four out of the five nests examined (Tab. 6).
Both Fusarium species and other species, loosely called accompanying species, were isolated on the nash and snyder medium: nine species altogether and two taxa identified only to the genus level. Due to the fact that 14% isolates represented potentially phytopathogenic species in this group of fungi, their frequency was also analysed (Tab. 7). These were in particular Botrytis cinerea, Rhizoctonia solani, Verticillium albo-atrum, V. dahliae. Acremonium, a genus related to Fusarium, was isolated in this group. The fungus produces wettable 1-celled conidia, resembling microconidia in Fusarium. The genus was very numerous and represented 36% of all isolates isolated on the nash and snydera medium (a total of 766) - Table 7 .
DiscUssion nutrient-specialised saprotrophic micromycetes, such as keratinolytic or cellulolytic fungi, in natural environments, e.g. in the soil, are distributed non-uniformly (Korniłłowicz-Kowalska, Bohacz 2002a; Korniłłowicz-Kowalska et al. 2003) . The uneven distribution of various physiological groups of fungal saprotrophs is conditioned by the dispersion of organic matter which is the source of food for the microorganisms. Therefore, the role of examinations on the organic matter occurring in the environment is greater than that of examinations of the entire environment. nests of birds living in different biotopes are such microhabitats. They are usually agglomerations of different plant fragments (twigs, rootlets, grass blades, wooden pulp) and animal fragments (hair, feathers, bird faeces, chick down, prey remains, pellets). The nest mycobiota which comprises fungi that use simple organic compounds, e.g. representatives of Mucorales and ubiquistic fungi (polyphages), is differentiated by the presence of compounds that use less accessible organic matter fractions such as ligninocellulose or keratine. Both typically saprotrophic species and potentially pathogenic species, opportunistic pathogens causing diseases in humans and animals as well as toxicogenic fungi are found in fungal communities in birds' nests Hubalek, Balat 1974; Pinowski et al. 1999; Korniłłowicz-Kowalska, Kitowski 2009). as observed in a previous study by the authors (Korniłłowicz-Kowalska, Kitowski 2009), a high total frequency of saprotrophic micromycetes, a high richness and frequency of species with a broad spectrum of substrates (polyphages), sugar-loving fungi and species belonging to opportunistic pathogens in humans and animals were recorded in the nests of Montagu's Harrier. The present study shows that nests of Montagu's Harrier are characterised by a high frequency of fungi specialised in cellulose biodegradation. The number of propagule units of these fungi corresponded to the frequencies of cellulolytic fungi in composts consisting of plant material and hen feathers (Korniłłowicz-Kowalska, Bohacz 2002b). They exceeded, however, the frequencies of these microorganisms in soils fertilised with natural fertiliser (manure) and were considered to be rich in these micro-organisms (Korniłłowicz 1989) . The high rate of colonisation of the nest material by cellulolytic fungi recorded here also indicates a high enzymatic activity of these micro-organisms and intensive processes of degradation of cellulose and other polysaccharides occurring in nests abandoned after breeding. identification examinations and lists of total simpson's coefficients show a great differentiation of the composition and frequency of cellulolytic species of fungi, both in relation to entire nests and their individual layers. The high values of simpson's coefficient show that the communities of cellulolytic fungi in this microhabitat are dominated by a relatively small number of populations of these fungi. This was also observed for the total mycobiota in nests of Montagu's Harrier (Korniłłowicz-Kowalska, Kitowski 2009).
Chaetomium spp. (ascomycetes), Trichoderma spp. and Fusarium spp. (mitosporic fungi) were the most numerous populations of cellulose-decomposing fungi. They constituted over 80% of total cellolytic fungi. representatives of these genera were often recorded among fungal colonisers of wild-living birds' nests and plumage (Pugh 1965; apinis, Pugh 1966; Mishra, Tiwari 1970; Hubalek et al. 1973; Takatori, Hasegawa 1981; Kaul, sumbali 1999) . However, those were mostly species belonging to Passeriformes. Chaetomium, representing so called soft rot fungi causing the destruction of the surface wood layer resulting form cellulose biodegradation, other polysaccharides and lignin structure injuries, is one of the most effective cellulose destruent . of the seven Chaetomium species isolated from the nests, Chaetomium globosum had the highest frequency and constituted 70-80% of the total cellulolytic micromycetes in some nests. Populations of Ch. cochlioides, Ch. funicola and Ch. elatum were less numerous (10-20%) in individual nests. The four Chaetomium species are thought to be widespread, both in nests and on feathers of different bird species, mostly Passeriformes .
The analysis shows that the genus Trichoderma was represented in the nests by T. viride and T. koningii, which reach 33% and 44% of total cellulolytic fungi in some nests. The fungi were previously infrequently isolated from birds' nests. Hubalek (1974) recorded T. viride in nests of song thrush (Turdus philomelos) containing the lining of wooden pulp (lignocellulose -author's note). T. viride was more often isolated from the plumage of Passeriformes, also including Turdus philomelos (Pugh (2008) from the saw sedge phyllosphere. as saw sedge leaves are used as the lining in nests of Montagu's Harrier, we think that this plant material was a source of a considerable amount of cellulolytic fungi and Fusarium.
The results allow us to claim that humidity and thermal conditions recorded in the nests during the incubation and chick rearing led to the selection of certain populations of cellulolytic micromycetes. as Table 1 shows, despite differences, nest humidity was high (23%-71%) and the pH ranged from neutral to slightly alkaline (pH Kcl 7.10-7.60). as indicated by the frequency of their occurrence, mostly fungi with a high water activity coefficient (wa) as well as thermotolerant and alkalotolerant fungi had favourable conditions in the microhabitat. similar observations were made in relation to nutritionally unspecialised fungi colonising nests of Montagu's Harrier (Korniłłowicz-Kowalska, Kitowski 2009). it was also observed that the frequency of cellulolytic fungi was greater in nests with a higher (nV-nVii) rather than a lower (niii-niV) humidity. This was caused by a frequency increase in Chaetomium, Trichoderma and Fusarium populations considered to be so called tertiary colonisers which require at least wa = 0.9-0.95 for growth (grant et al. 1989) . Chaetomium globusom and Trichoderma viride were especially hydrophilous (apinis, Pugh 1966; Domsch et al. 1980) . The species did not occur in nest iii (with the lowest humidity, 23%-25%). Doratomyces stemonites or Trichoderma koningii, which had lower water condition requirements, had good growth conditions in this environment ). T. koningii as well as Ch. globosum, Ch. cochlioides and Ch. funicola are also thermotolerant (apinis, Pugh 1966) and grow at 37°-38°c or even higher temperatures. it may be supposed that the selection of these fungi occurred as early as during incubation when the nest temperature can reach even 40-41°c (Pinowski et al. 1999) .
The high nest humidity and temperature did not encourage the development of species such as Penicillium which prefer environments with lower wa values (griffin 1972, 1994) . The majority of species of this genus are also psychrophiles or psychrotrophs and acidophilous fungi (apinis, Pugh 1966; griffin 1972; 1993) . Cladosporium spp. and Alternaria spp. are also considered to be relatively psychrophilous or psychrotolerant (apinis, Pugh 1966), which explains their low frequency in the nests within a short period after they were abandoned by the birds.
The examinations show that over 40% of the species composition, that is 20 fungal species, of the nests are potential phytopathogens, mostly Fusarium spp. species such as Verticillium albo-atrum, V. dahliae, Rhizoctonia solani, Botrytis cinerea, Alternaria alternata, Cladosporium spp. were also recorded. a high contribution of potentially phytopathogenic fungi in the mycobiota of the nests was conditioned by the plant origin of the nest material, rich in cellulose and other polysaccharides. The development of these fungi as well as exclusively saprotrophic fungi was also encouraged by a high nitrogen and phosphorus content (Tab.1) from bird faeces, feathers and other animal substrates. Previous studies by Korniłłowicz (1989) ; Korniłłowicz-Kowalska et al. (2003) showed that the development of Fusarium and cellulolytic fungi is stimulated by the presence of nitrogen and phosphorus in the soil.
The present findings allow us to think that birds' nests, including nests of Montagu's Harrier, may be some of the links in the circulation of phytopathogenic fungi, such as Fusarium spp., Verticillium albo-atrum or V. dahliae. These fungi may survive, reproduce and, consequently, spread aerogenically, also by birds. in Montagu's Harrier, the process is undoubtedly encouraged by high breeding densities that reach even 10.6 nest/100 hectares (Krogulec 1992) . conclUsions nests of Montagu's Harrier are characterised by a high frequency, colonisation • rate and species richness of cellulolytic fungi and Fusarium.
The number and frequency of fungal species differed depending on the nest and • the layer (outer, middle, lining). The highest frequency was recorded for fungal species with high water condition • requirements, often thermotolerant, of the genera: Chaetomium, Trichoderma, Fusarium. species with lower water requirements, psychrophilous or psychrotolerant spe-• cies, such as Penicillium spp., Cladosporium spp., were recorded rarely and their frequency was lower. as observed, a neutral or slightly alkaline reaction of the nests encourages growth • of alkalotolerant species. stwierdzono, że gniazda błotniaka łąkowego cechuje wysoka ogólna liczebność grzybów celulolitycznych i Fusarium, duże bogactwo oraz zróżnicowanie frekwencji ich gatunków. wykazano, że 80% zbiorowiska grzybów celulolitycznych reprezentowały 3 rodzaje: Chaetomium, Trichoderma i Fusarium. spośród 45 zanotowanych gatunków najwyższą liczebnością wyróżniały się: Chaetomium globosum, Trichoderma koningii i T. viride. w obrębie Fusarium najczęściej notowano: F. poae, F. avenaceum i F. oxysporum. odnotowane dominanty gatunkowe należały do grzybów hydrofilnych, na ogół termotolerancyjnych. niską frekwencją odznaczały się natomiast gatunki preferujące środowisko o niskiej aktywności wodnej, psychrofilne i acidofilne takie jak: Cladosporium spp. i Penicillium spp.
